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the spindle checkpoint and facilitates
the premature transition of dividing
cells from metaphase into anaphase.
The result is chromosomal instability
(CIN) and aneuploidy. Heterozygous
ablation of Lzts1 is sufficient to down-
regulate Lzts1 expression and to inter-
fere with the regulation of Cdk1 during
progression through the early phases
of mitosis. As a result, loss of hetero-
zygosity (LOH) in the Lzts1 locus is
not required for tumor induction. The
data in the Vecchione et al. study raise
new important questions of which the
most urgent is the expression of
Lzts1 and the regulation of its binding
to Cdc25C as the cells progress
through the cell cycle. Changes in
these parameters, combined with an
understanding of the factors that trig-
ger them will allow us to fully integrate
Lzts1 into the networks that contribute
to the physiological regulation of the
cell cycle.
The logical consequences of the
data in this paper include the following:
(1) Other molecules that, like Lzts1,
positively regulate the activity of Cdk1
and whose inactivation is not lethal,
are likely to function as tumor suppres-
sors. Previous studies have indeed
shown that cells that are depleted of
RASSF1A, a protein which inhibits pre-
mature degradation of cyclin B1, ex-
hibit increased sensitivity to transfor-
mation (Song et al., 2004). (2) Partial
inhibition of Cdk1 by small molecules
that target Cdk1 or its regulators may
have undesirable side effects because
they may enhance CIN and promote
aneuploidy. (3) Aneuploidy may be
caused by mechanisms other than
the partial inhibition of Cdk1, such as
regulatory and structural defects in
centrosome duplication and spindle
assembly. In yeast for example, 100
different mutations giving rise to CIN
have been identified to date (Rajago-
palan and Lengauer, 2004). Diverse
mutations leading to CIN and aneu-
ploidy may synergize with mutations
that downregulate the activity of Cdk1
because cells in which Cdk1 activity
is downregulated may bypass check-
point activation by these aneuploidy-
inducing mechanisms.
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How the actin cytoskeleton is harnessed to fulfill its diverse cellular functions is a recurrent
and intriguing question. In this issue of Developmental Cell, Kim et al. and Massarwa et al.
describe a new role for F-actin, and more specifically the actin regulator WASp, in myoblast fusion
in Drosophila.There are instances during develop-
ment where a cell relinquishes its in-
dividual status to fuse with another,
thereby creating a new, multinucle-
ated entity. Development of vertebrate
skeletal muscles through the fusion of
differentiated myoblasts is one exam-
ple. In Drosophila, a similar process
of fusion takes place to form the em-
bryonic body wall muscles, each of
which comprises a single syncytialmuscle fiber. Much of what we know
about myoblast fusion in vivo comes
from studies that have taken advan-
tage of this genetically amenable sys-
tem. These fibers are the products of
fusion between two types of myo-
blasts: the founder myoblasts, which
are endowed with information pertain-
ing to muscle identity and seed the
development of each muscle, and
the fusion-competent myoblasts (fcm),Developmental Cewhich contribute to muscle mass
through fusion with the founders (Fig-
ure 1; Dworak and Sink, 2002).
Shortly after they are born, founders
migrate to locations just beneath the
epidermis, leaving the fcm within the
deeper recesses of the mesoderm.
Through the expression of adhesion
receptors Dumbfounded (Duf; also
known as Kin-of-Irre [Kirre]) and
Roughest (Rst; also known as Irregularll 12, April 2007 ª2007 Elsevier Inc. 479
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PreviewsFigure 1. Schematic Representation of the Main Events during Drosophila Muscle
Development
(A) The mesoderm becomes subdivided into domains of high (orange) and low (yellow) Twist
expression. From within regions of high Twist expression, clusters of cells initiate the expression
of Lethal-of-scute (L’sc; black nuclei) at designated positions. (B) A single progenitor cell is se-
lected from each cluster through Notch-mediated lateral inhibition. (C) This cell divides to generate
two founders, each having a distinct muscle identity (red or blue nuclei). (D) Founders migrate to
locations beneath the epidermis. (E) Once there, they start to extend toward prospective epider-
mal attachment sites, and at the same time, attract the fcm. (E, inset) Interaction between Duf on
founders and SNS on fcm brings about myoblast adhesion and the recruitment of Wsp and the
Arp2/3 complex to the adhesion site via SNS, Crk, and D-WIP/Sltr interactions. This results in
the formation of an F-actin focus (in green), largely on the fcm side of the adhesion. (F) The first
round of fusion ensues to produce bi- or tri-nucleated precursor myotubes. (G) These myotubes
enlarge through subsequent fusions until they reach the size specified by the muscle identity pro-
gram. Myotubes finally anchor to the epidermis as muscle fibers. In the absence of D-WIP/Sltr,
fusion halts after the precursor forms.chiasm-C [Irre]) in founders and the
Duf, Rst ligands Sticks-and-Stones
(SNS) and Hibris (Hbs) in fcm, the fcm
are directed to migrate toward the
founders and eventually attach to
them, thereby bringing the two myo-
blast types into close proximity prior
to actual fusion. Fcm appear either
rounded, elliptical, or teardrop-
shaped, suggesting that they undergo
dynamic changes in cell shape as they
extend a single, distinct filopodial pro-
cess to ‘‘sense’’ the environment for
the presence of Duf or Rst on nearby
cells. Founders change their shape in
a different way as they probe their
surroundings for cues that guide them
toward prospective epidermal attach-
ment sites. It may thus come as no
surprise that loss-of-function muta-
tions in known regulators of the actin
polymerization machinery, such as
D-rac1, D-rac2, and kette (also known
as HEM or Nap1), cause changes in
cell shape, with many more fcm480 Developmental Cell 12, April 2007 ªadopting a rounded shape and
founders being unable to stretch to-
ward the epidermis (Hakeda-Suzuki
et al., 2002; Schro¨ter et al., 2004).
However, these phenotypes may well
just be the tip of the iceberg in terms
of the role of the actin cytoskeleton.
As a result of maternal contribution,
many of these factors are not fully de-
pleted in zygotic mutations and a sub-
stantial number of fcm do manage
to reach the founders. Nevertheless
fusion is aborted in these mutants,
indicating a requirement for the actin
machinery after fcm reach their fusion
targets. How is this so?
WASp (Wsp) and SCAR (also re-
ferred to as WAVE) are regulators of
actin nucleation and both impinge
upon the Arp2/3 complex to modulate
actinnucleation.Wspactivationcomes
about through release from autoinhi-
bition, whereas SCAR is activated by
Rac through Kette complex-depen-
dent localization and stabilization2007 Elsevier Inc.(Blagg and Insall, 2004; Higgs and Pol-
lard, 2001). The role of SCAR in myo-
blast fusion has not been addressed
directly, but there is likely to be one as
myoblast fusion is aberrant in D-rac1+
D-rac2 and kette mutants (Hakeda-
Suzuki et al., 2002; Schro¨ter et al.,
2004). However, the precise location of
SCAR-mediated F-actin polymeriza-
tion is not known, nor is the mode by
which Rac and Kette are recruited to
the cell membrane. In this issue the el-
egant studies by Kim et al. (2007) and
Massarwa et al. (2007) address the role
of Wsp in myoblast fusion. Kim and
colleagues show that Wsp-dependent
F-actin polymerization occurs at fcm-
founder and fcm-myotube contact
points, with predominant localization
occurring along the fcm side of these
sites (Figure 1). Complementary data
from both groups demonstrate that
Wsp is specifically recruited to the
site through direct interaction with the
fcm-specific Wsp Interacting Protein
(D-WIP or Solitary [Sltr]). Kim et al.
further demonstrate that D-WIP/Sltr
can interact with the SH2 and SH3-
containing adaptor Crk in vitro, which
in turn binds the SNS receptor, thereby
providing a plausible link between the
effectors of myoblast adhesion and
F-actin polymerization at the fusion
site. Indeed, D-WIP/Sltr and F-actin
foci colocalize with SNS at points of
adhesion between the fcm and a
founder or myotube, whereas loss of
SNS causes D-WIP/Sltr to remain
cytoplasmic with a concomitant loss
in actin focus formation. D-WIP/Sltr is
present in enlarging myotubes as well,
probably as a result of fcm fusion.
Nonetheless, based on the data of
Massarwa et al., its primary function
appears to reside within the fcm, as
dominant-negative forms of either D-
WIP/Sltr or Wsp block myoblast fusion
when expressed in fcm, founders, and
myotubes, but not when expressed
solely in founders andmyotubes. Inter-
estingly, in the absence of D-WIP/Sltr
or Wsp (where both maternal and zy-
goticWsp activity is lost) the first round
of fusion still occurs, albeit at a slower
rate, and fusion halts after a second
batch of fcm have adhered to nascent
precursor myotubes (Figure 1).
To ascertain if the block in the sec-
ond round of fusion arises before or
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plasmic continuity is established, both
groups drive expression of a cytoplas-
mic GFP reporter in founders and my-
otubes and then monitor for its pres-
ence in the adherent, nonfusing fcm
in mutant embryos. This approach,
however, leads them to differing con-
clusions. Massarwa et al. detect GFP
in adherent fcm. Conversely, nonad-
herent fcm show no GFP expression.
They thus propose that the block in fu-
sion occurs after partial merger, a find-
ing that is further substantiated by their
ultrastructural analyses of D-WIP/sltr
mutant embryos. On the other hand,
Kim et al. report a lack of GFP transfer
from precursors into adherent fcm. At
the ultrastructural level, they find that
the ‘‘fusogenic’’ vesicles that normally
only line the closely juxtaposed mem-
branes between fcm and precursor
are mistargeted to ectopic positions
in D-WIP/sltr mutants. These vesicles
also do not fuse with the cell mem-
branes, as they do in wild-type em-
bryos, even when correctly positioned.
Notably, Kim et al. do not observe pore
formation and they propose that
D-WIP-Wsp-dependent F-actin poly-
merization is required for proper tar-Niemann-Pick C
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The Niemann-Pick C proteins ha
sterol absorption at the small inte
to their significant structural and s
in a previously unappreciated fas
The subcellular movement of sterols
and other lipids and in particular their
egress from the endosomal/lysosomal
(E/L) system has received much atten-
tion, centering around the Niemann-geting of vesicles, a step in fusion
before pore formation. It is possible
that the use of conventional versus
high-pressure freezing methods dur-
ing sample fixation in electron micros-
copy might account for some of the
differences between the authors’ ob-
servations. Nevertheless, as a result
of this impasse, the precise role of
D-WIP-Wsp in myoblast fusion re-
mains unclear.
These studies highlight how signal-
ing cascades initiated through cell-
type-specific receptors culminate in
the recruitment and activation of the
widely expressed Wsp-Arp2/3 actin
polymerization machinery. It remains
to be seen how Wsp is activated in
this context as the established Wsp
activators CDC42 and PIP2 do not ap-
pear to play a role. The development of
precursor myotubes in D-WIP/sltr and
Wsp mutants also prompts the ques-
tion of how the first round of fusion
differs in its requirements from subse-
quent fusions. Might the SCAR path-
way have a differential contribution?
In the absence of SNS, the teardrop
shape of fcm is not maintained and
these cells adopt amore roundedmor-
phology, suggesting that this receptorProteins in Stero
Flies in the Ointm
iences, Box 1498, Mount Sinai School of M
.edu
ve slowly emerged as regulators
stine. A recent article in Cell Meta
equence homology, these protein
hion (Voght et al., 2007).
Pick C1 (NPC1) protein. Recently, the
NPC1 related protein NPC1L1 has
moved to the forefront as a key regu-
lator of intestinal sterol absorption
(Altmann et al., 2004; Davies et al.,
Developmental Cis additionally required for filopodial
extension and, possibly, movement
(Menon and Chia, 2001). How the actin
polymerization machinery is har-
nessed to yield different outputs
through this receptor is a question of
ongoing interest.
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